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Description 

[0001] The present invention relates to a method of 
manufacturing a resin encapsulated semiconductor de- 

j vice. 

[0002] in resin encapsulated semiconductor devices 

! (such as an IC, LSI or transistor), Au wire of diameter of 

20 - 50 urn is generally employed for the electrical con- 

I nection between the semiconductor element and the ex- 

| ternal lead frame of the package lb bond the wire to 

the semiconductor element, there are two methods, 
wedge bonding and ball bonding. In these solid state 
bonding methods, one end of the Au wire, or a ball 
formed at the end of the Au wire through fusion thereof 
by means of a discharge or hydrogen flame, is bonded 
to the semiconductor element directly or through a de- 

n posited metallic film by thermocompression bonding or 

ultrasonic bonding. The connection at the other end of 

" the wire to the lead frame is effected by wedge bonding 

using a capillary tube. 

[0003] The use of Al wire instead of Au wire has been 
studied, since Au wire is expensive. For Al wire, wedge 
bonding by means of thermo-compression bonding or 
ultrasonic bonding has also been investigated. Howev- 
er, conventional Al wire, when used as it has been 
drawn, retains a hardness caused by the drawing. The 
present inventors have found that in both thermo-com- 
pression bonding and ultrasonic bonding of Al wire, the 
part of the wire near the bonded portion is softened by 
heating, so that a local deformation takes place at the 
bonding portions in the connection of the wire from the 
semiconductor element to the lead frame, and that such 
a local deformation not only causes the wire to be locally 
reduced but also may result in breakage or the like. 
[0004] Moreover, the present inventors have discov- 
ered, as a result of examination of ball bonding of Al 
wire, that since conventional Al wire is wound on a reel 
as it has been drawn, the wire is elastically bent when 
a ball is formed at its end and the ball is eccentrically 
formed. Furthermore, since when the ball is formed not 
only the end but also the vicinity of the end is heated, 
the portion of the wire directly above the ball is partially 
subjected to annealing and, consequently becomes sof- 
tened or locally constricted. 

[0005] The inventors have also found that the eccen- 
tricity of the ball may cause the bonding portion to 
project from a pad, bringing about a short-circuit with 

f 1 another bonding portion or damage to the circuit. 

1 [0006] Furthermore, the inventors have discovered 

I" 1 that if a constriction is produced directly above the ball 

or if the wire softens, since the portion not annealed re- 

: 1 mains work-hardened, the residual work set of the wire 

prevents the wire and the bonding portion from occupy- 
ing a fine curve, so that the wire is bonded in a bent 
shape, which may cause breakage of the wire, particu- 
larly in a dual in-line type 1C or LSI having a difference 
in level between the bonding surfaces of the semicon- 
ductor element and the lead frame. This may cause a 



short-circuit between the wire and the semiconductor el- 
ement. 

[0007] In resin encapsulated semiconductor devices 
a larger mechanical stress is applied to the wire because 

5 it is rigidly molded with thermosetting resins such as 
epoxy resins, phenol resins, polyester resins, etc. The 
mechanical stress is maximum at the bonding position 
on the semiconductor chip. Thus, it has now been found 
that in resin encapsulated semiconductor devices the 

10 nature of the wire materials play a very important role in 
the production of a satisfactory ball bonding connection. 
[0008] JP-A-57-12531 discloses improvement of the 
elongation of a fine Al wire used in a resin-coated sem- 
iconductor device, to avoid breakage during the coating 

15 with resin. The wire is heated to 1 50 to 400°C after bond- 
ing to the IC substrate. 

[0009] EP-A-43692 disclose use of various metals, in- 
cluding Al and Cu, in ball-bonding 
[0010] It is an object of the invention to provide a 

20 method of manufacturing a resin encapsulated semi- 
conductor device containing an electrical connection 
with a wire which permits good connections to be formed 
and with which there is a low risk of breakage of the wire 
[0011] The present invention is set out in claim 1 In 

25 the invention, an annealed Cu wire is used to connect 
the semiconductor element to the lead frame. 
[0012] Devices of the prior art and embodiments of 
the present invention will now be described by way of 
example with reference to the accompanying drawings, 

30 in which: - 

Fig. 1 is a sectional view of a semiconductor device 
with a wire having a wedge-bonded connection at 
both ends; 

35 Fig. 2 is a sectional view of a semiconductor device 
with a wire having a ball-bonded connection at one 
end and a wedge-bonded connection at the other 
end; 

Fig. 3(a) is a sectional view indicating a further step 
40 following Fig. 2 in wedge-bonding: 

Fig. 3(b) is a sectional view showing how a ball is 
formed by discharge; 

Fig. 4 is a sectional view of a resin molded type sem- 
iconductor device embodying the present invention, 
45 and 

Fig 5 is a bar graph showing the relationship be- 
tween conventional wires and wires used in the 
present invention, on the one hand, and the per- 
centage of production of eccentricity and the per- 
50 centage of production of ecccentricity and constric- 
tion, on the other hand. 

[001 3] Since a wire made of a metal having in the an- 
nealed state an elongation at room temperature of not 
55 more than 60% is very highly work-hardened in the 
worked state (i.e. after the wire has been worked), it is 
difficult to destroy the oxide film formed on the surface 
of the ball in thermo-compression bonding or ultrasonic 
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bonding, so that bonding is difficult. Moreover, since the 
vicinity of the bonding portion is softened by heating dur- 
ing bonding as described above, the local deformation 
is especially large. It has now been discovered that it is 
necessary to anneal the wire made of a metal having 
such an elongation so that it becomes softer. Annealing 
permits the wire to be softened throughout, so that there 
is no possibility of local deformation, and consequently 
problems such as disconnection are solved. 
[0014] It is preferable to employ a wire having a spe- 
cific resistance at room temperature (20° C) of not more 
than 15 u.Qcm 

[0015] The bonding process is a ball bonding proce- 
dure and can be effected by ultrasonic bonding or ther- 
mo-compression bonding. Ball bonding is preferable 
and generally more effective in the case of a semicon- 
ductor element which is a circuit element, because 
bonding distance is limited and the necessity to turn the 
semiconductor device is avoided. On the other hand, in 
the case of the external terminal at the lead frame, 
wedge bonding is preferable and can achieve high effi- 
ciency 

[0016] Figs 1 , 2 and 3(a) illustrate wedge-bonding. A 
wire 1 emerges from a capillary feeder 2, the bottom end 
of which is used to effect the wedge-bonding, as Figs. 
1 and 2 show. After the bonding step, the capillary 2 is 
removed to break the wire, leaving a bonded portion 6 
attached to the Cu lead frame 4 The lead frame may 
alternatively be a Fe-Ni alloy. Fig. 1 shows the other end 
of the wire 1 wedge-bonded to a metal layer on the top 
of the semiconductor element 3, which is itself mounted 
on another part of the lead frame 4 
[0017] Fig. 2 shows a ball-bonded connection of the 
wire 1 at the top surface of the semiconductor element 
3. Fig 3(b) shows how, in ball-bonding the ball 7 is 
formed using the surface tension of the wire itself by fus- 
ing the end of the wire held by a capillary 2 by means of 
discharge, hydrogen flame, plasma arc, a laser beam 
or the like. Particularly preferred, as illustrated in Fig. 3 
(b) is arc discharge between the wire itself and a sepa- 
rate electrode 5. The arc discharge is performed with 
the wire at minus polarity, whereby a clean ball having 
no oxide film on its surface is formed. In addition, it is 
possible to supply a pulse current of at least one of pos- 
itive and negative in the arc discharge. The pulse current 
permits control of the correct arc-generating time nec- 
essary for formation of a ball. When supplying a current 
of positive and negative, control can be effected by con- 
verting the time required for cleaning and the time re- 
quired for formation of a ball into a time ratio between 
positive and negative. The time required for cleaning ac- 
counts for just a small percentage of the discharge time 
(10 - 30% of the discharge time). 
[0018] It is preferable that the heating-fusing atmos- 
phere in the ball formation is a non-oxidising atmos- 
phere. Particularly preferred is an inert gas including a 
small amount, preferably 5-15 vol.% of a reducing gas 
(e.g. hydrogen gas) 



[0019] Fig. 3(b) shows how the ball 7 may be eccen- 
trically formed. 

[0020] Although any ball diameter is in principle use- 
ful, preferred are diameters 1.5-4 times, particularly 2.$ 
5 - 3.5 times, as large as the wire diameter. 

[0021] A preferred wire diameter range in the inven- 
tion is 20 - 1 00 urn, although this varies according to the 
kind of metal. For example, the Cu wire diameter may 
be about 30 urn. The wire diameter is selected in relation 
to the specific resistance. 

[0022] The annealing temperature is higher than the 
recrystallizing temperature of the metal, although it dif- 
fers according to the kind of metal. There is particularly 
employed a temperature at which the wire is substan- 
tially full-annealed to an extent such that it is not elasti- 
cally deformed, i.e. contains substantially no elastic de- 
formation. It is preferable that the wire is softened so as 
to have the same hardness throughout, since if the wire 
locally has a difference in hardness, a local deformation 
is produced, as described above. The preferred anneal- 
ing temperatures are 400 - 600°C for Cu. 
[0023] The wire, after being bonded to a circuit ele- 
ment, may be cut in the vicinity of the bonded portion of 
the circuit element by holding the wire in a capillary and 
pulling it (Fig. 3(a)). It may be difficult to cut the wire in 
the vicinity of the circuit element, since the wire itself is 
soft throughout, in which case it is preferable to cut the 
wire with a cutter. 

[0024] Since the wire usually has an extremely small 
diameter and is soft as described above, in order to pro- 
tect it, the semiconductor element, the wire and a part 
of the lead frame are covered with resin. Typically, liquid 
resin is case or molded and then hardened. 
[0025] Fig. 4 is a sectional view of a resin-encapsu- 
lated type semiconductor device produced by a method 
according to the present invention. The wire 1 is ball- 
bonded to the semiconductor element 3 which is provid- 
ed with an Al deposited film 8, and is wedge-bonded to 
the lead frame 4 which is provided with an Ag or Ni de- 
posited layer 1 0. After the ball bonding, a protective film 
13 such as Si0 2 or the like is provided on the layer 8. 
Then, a thermosetting resin composition 12 is transfer- 
molded to form the semiconductor device shown in Fig. 
4. A low-melting glass 9 may be used to mount the sem- 
iconductor element 3. 

[0026] Since in the present invention local deforma- 
tion of the wire in ball bonding can be avoided and con- 
sequently a desired loop shape can be obtained, there 
is minimal possibility of disconnection due to local de- 
formation and moreover, there is no risk of defect such 
as the short-circuit of the wire with the element. 
[0027] The production of balls at Cu and, for compar- 
ison Al, wire ends for subsequent bonding will now be 
described. 

[0028] A ball was formed by the method of Fig. 3(b) 
at the end of each of a Cu wire having a diameter of 30 
fim and remaining as it has been worked and a wire ob- 
tained by subjecting such a wire to a full annealing of 
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1-hour heating at 400°C in Ar gas. 
[0029] The discharge was effected under a voltage of 
1000V, a current of 10 - 20 mA and in Ar gas. The dis- 
charge time was controlled by the speed of movement 
of the W electrode 5 and the pulse frequency, as de- 5 
scribed above. 

[0030] In a similar manner to the above, a ball was 
formed at the end of each of an Al wire having a diameter 
of 50 jam and remaining as it has been worked and a 
wire obtained by subjecting such an Al wire to a full an- 10 
nealing of 1 -hour heating at 250°C The discharge con- 
ditions were substantially the same as for the Cu wires, 
except that the discharge current was 1 to 10 mA. 
[0031] For each of these types of Cu and Al wires, 50 
balls were formed, and the number of the balls having is 
constrictions and eccentricity was examined and then 
the percentage thereof was obtained. The results are 
shown in Fig. 5. 

[0032] Fig. 5 shows that the Al wire remaining as it 
has been worked exhibits a constriction level of 60% and 20 
eccentricity level of 50%, while the annealed Al wire ex- 
hibits a constriction level of only 7% and eccentricity lev- 
el of the order of a few %. It forms a round ball symmet- 
rical with respect to the wire axis. The Cu wire is better 
than the Al wire even when the Cu wire remains as it 25 
has been worked, the annealed Cu wire produced hard- 
ly any constriction and eccentricity. 
[0033] Thus, by the present invention, it is possible to 
obtain a wire connection having no local deformation at 
the bonding portion of the wire. 30 



solid state bonding one end of a wire (1) to a 
semiconductor element (3) and the other end 
to a lead frame; and 

encapsulating said element and wire hermeti- 
cally with a resin (1 2), characterized in that said 
wire (1 ) is made of Cu and, before said bonding 
step, is fully annealed at a temperature higher 
than the recrystallization temperature of the 
metal material, subsequently having a maxi- 
mum elongation at room temperature of not 
more than 60%, and in that said wire (1) is 
bonded to said semiconductor element by ball- 
bonding and to said lead frame by wedge-bond- 
ing, 

the ball forthe ball-bonding being formed on the 
wire after the annealing of the wire, the ball prior 
to the ball-bonding being round in shape, sym- 
metrical with respect to the axis of the wire and 
having substantially no local construction at its 



tip adjacent to the ball. 

A method according to claim 1 , wherein at said one 
end the wire (1) is ball-bonded to an Al thin film 
formed on said semiconductor element while at said 
other end of said wire is wedge-bonded to an Ag, 
Ni or Al thin film formed on the surface of said lead 
frame which is made of a Cu or Fe-Ni alloy, and said 
semiconductor element, said wire and a part of said 
lead frame are enclosed within said molded resin 

A method according to claim 1 or 2. wherein said 
wire has a diameter in the range of 20 to 100 urn 

A method according to any one of claims 1 to 3, 
wherein in said resin encapsulated device said wire 
has a specific resistance at room temperature 
(20° C) of not more than 15 uXicm. 



Claims 

1. A method of manufacturing a resin encapsulated 35 
semiconductor device having at least one semicon- 
ductor element (3), the method including the steps 

of: 
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PatentansprQche 

1. Verfahren zur Herstellung einer harzgekapselten 
Halbleiteranordnung mit mindestens einem Halblei- 
terelement (3), wobei 

das eine Ende eines Drahtes (1) an das Halb- 
leiterelement (3) und das andere Ende an einen 
Zuleitungsrahmen halbleitermafBig kontaktiert 
wird und 

das Element und der Draht dicht mit einem 
Harz (12) eingekapselt werden, 

dadurch gekennzeichnet, daB der Draht (1) 
aus Cu besteht und vor dem Kontaktieren bei einer 
Temperatur oberhalb der Rekristallisationstempe- 
ratur des Metalis voilstandig gegluht wird : wodurch 
seine maximale Langendehnung bei Raumtempe- 
ratur hochstens 60% betragt, und daft 

der Draht (1) an das Halbleiterelement durch 
Nagelkopfbondierung und an den Zuleitungs- 
rahmen durch Keilbondierung kontaktiert wird, 
wobei der Kopf fur das Nagelkopfbondieren 
nach Gluhen des Drahtes am Draht gebildet 
wird, dieser Kopf vor dem Nagelkopfbondieren 
von runder Form und symmetrisch zur Draht- 
achse ist, und daR der Draht im wesentlichen 
keine lokale Einschnurung an seiner zum Kopf 
benachbarten Spitze aufweist. 

2. Verfahren nach Anspruch 1 , dadurch gekennzeich- 
net, daf3 das eine Drahtende an eine dunne, auf 
dem Halbleiterelement gebildete Al-Schicht nagel- 
kopfbondiert wird, wahrend das andere Drahtende 
an eine dunne Ag, Ni Oder Al-Schicht keilbondiert 
wird, wobei letztere Schicht auf der Oberflache des 
aus Cu Oder Fe-Ni-Legierung hergestellten Zulei- 
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tungsrahmen gebildet ist, und daG das Halbleiter- 
element, der Draht und ein Teil des Zuleitungsrah- 
mens von dem Formharz eingeschlossen ist. 

Verfahren nach Anspruch 1 Oder 2, bei dem der 
Draht einen Durchmesserim Bereich von 20 bis 100 
jam besitzt. 

Verfahren nach einem der Anspruche 1 bis 3, bei 
dem der Draht in der harzgekapselten Anordnung 
einen spezifischen Widerstand von hochstens 15 
u.Qcm bei Raumtemperatur (20°C) aufweist. 
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1 a 3, dans lequel, dans ledit dispositif encapsul£ 
dans de la resine, ledit fil a une resistance specify 
que, a temperature ambiante (20 D C), qui n'est pa$ 
superieure a 15 jalicm. 



Revendicatfons 15 

1. Precede pourfabriquerun dispositif asemi-conduc- 
teur encapsule dans de la resine comportant au 
moins un element semi-conducteur (3), le procede 
comportant les etapes consistant a : 20 

fixer une premiere extremite d'un fil (1 ) a un ele- 
ment semi-conducteur (3) et fixer I'autre extre- 
mite a une grille de connexion, et 
encapsuler hermetiquement ledit element et le- 2s 
dit fil dans de la resine (12), caracterise en ce 
que ledit fil (1 ) est constitue de Cu et en ce que, 
avant ladite etape de fixation, le fil est comple- 
tement recuit a une temperature superieure a 
la temperature de recristallisation du materiau 30 
metallique, le fil ayant apres recuit un allonge- 
ment maximal a temperature ambiante ne de- 
passant pas 60 %, et en ce que ledit fil (1 ) est 
fixe audit element semi-conducteur par souda- 
ge par bille et est fixe a ladite grille de con- 35 
nexion par soudage en biseau, la bille pour le 
soudage par bille etant formee sur le fil apres 
le recuit du fil, la bille, avant le soudage par 
bille, etant ronde en termes de forme, symetri- 
que par rapport a I'axe du fil et n'ayant pratique- 40 
ment aucune constriction locale a son extremi- 
te adjacente a la bille. 

2. Procede selon la revendication 1 , dans lequel, a la- 
dite premiere extremite, le fil (1 ) est fixe par souda- 45 
ge par bille a un film mince d'AI forme sur ledit ele- 
ment semi-conducteur tandis que, a ladite autre ex- 
tremite, ledit fil est fixe par soudage en biseau a un 
film mince d'Ag, de Ni ou d'AI forme sur la surface 

de ladite grille de connexion qui est constitute d'un so 
alliage de Cu ou de Fe-Ni, et ledit element semi- 
conducteur, ledit fil et une partie de ladite grille de 
connexion sont noyes dans ladite resine moulee. 

3. Procede selon la revendication 1 ou 2, dans lequel ss 
ledit fil a un diametre dans la plage de 20 a 100 um 

4. Procede seion I'une quelconque des revendications 
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FIG. 1 
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FIG. 4 
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